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IMAGE PROCESSING APPARATUS,
NON-TRANSITORY COMPUTER READABLE
RECORDING MEDIUM THAT RECORDS AN

IMAGE PROCESSING PROGRAM, AND
IMAGE PROCESSING METHOD 5

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present disclosure relates to an i1mage processing 10
apparatus that processes a read 1image, which 1s generated by
optically reading a document by an image scanner.

2. Description of Related Art
An 1mage scanner optically reads a document and gener-

ates a read 1mage. 15

SUMMARY OF THE INVENTION

According to an embodiment of the present disclosure,
there 1s provided an 1mage processing apparatus, including: 20

a controller circuit configured to operate as

an 1mage obtaining unit configured to obtain a read 1mage,

the read 1mage being generated by optically reading a
document including multiple characters by an image
scanner, 25

a character string determining unit configured to

detect multiple character strings from the read image,
cach of the multiple character strings including mul-
tiple characters arrayed 1n one direction, the multiple
character strings being arrayed 1n series 1n a direction 30
that crosses the one direction, and

determine an inclination of each of the multiple char-
acter strings with respect to the read image, and

a fold determining unit configured to

determine a first character string and a second character 35
string, the first character string and the second char-
acter string being a pair of two adjacent character
strings 1ncluded in the multiple character strings, a
first inclination interval being different from a sec-
ond inclination interval, the first inclination interval 40
being an interval of numerical values including an
inclination value of the first character string, the
second 1nclination interval being an interval of
numerical values including an inclination value of
the second character string, and 45

determine that the document 1s folded if it 1s deter-
mined that a number of one or more character strings
included 1n a first group 1s equal to or larger than a
first threshold and 1 a number of one or more
character strings included 1n a second group 1s equal 50
to or larger than a second threshold, the first group
including multiple character strings including the
first character string, which are arrayed 1n series and
have an inclination included 1n the first inclination
interval, the second group including multiple char- 55
acter strings including the second character string,
which are arrayed in series and have an inclination
included 1n the second inclination interval.

According to an embodiment of the present disclosure,
there 1s provided a non-transitory computer readable record- 60
ing medium that records an i1mage processing program
causing a controller circuit of an 1image processing apparatus
to operate as:

an 1mage obtaining unit configured to obtain a read 1mage,

the read 1mage being generated by optically reading a 65

document including multiple characters by an image
scanner;

2

a character string determining unit configured to
detect multiple character strings from the read 1mage,

cach of the multiple character strings including mul-
tiple characters arrayed 1n one direction, the multiple
character strings being arrayed 1n series 1n a direction
that crosses the one direction, and

determine an inclination of each of the multiple char-

acter strings with respect to the read image; and

a fold determining unit configured to
determine a first character string and a second character

string, the first character string and the second char-
acter string being a pair of two adjacent character
strings included in the multiple character strings, a
first inclination interval being different from a sec-
ond inclination interval, the first inclination interval
being an interval of numerical values including an
inclination value of the first character string, the
second inclination interval being an interval of
numerical values including an inclination value of
the second character string, and

determine that the document 1s folded it i1t 1s deter-

mined that a number of one or more character strings
included 1n a first group 1s equal to or larger than a
first threshold and 1 a number of one or more
character strings included 1n a second group 1s equal
to or larger than a second threshold, the first group
including multiple character strings including the
first character string, which are arrayed 1n series and
have an inclination included 1n the first inclination
interval, the second group including multiple char-
acter strings including the second character string,
which are arrayed 1n series and have an inclination
included in the second inclination interval.

According to an embodiment of the present disclosure,
there 1s provided an 1mage processing method, including:

by an 1mage obtaining unit, obtaining a read image, the
read 1mage being generated by optically reading a
document including multiple characters by an image
scanner;

by a character string determining unit,
detecting multiple character strings from the read

image, each of the multiple character strings includ-
ing multiple characters arrayed 1n one direction, the
multiple character strings being arrayed 1n series in
a direction that crosses the one direction, and

determining an inclination of each of the multiple

character strings with respect to the read 1image; and

by a fold determining unit,
determining a first character string and a second char-

acter string, the first character string and the second
character string being a pair of two adjacent charac-
ter strings included in the multiple character strings,
a first inclination interval being different from a
second inclination interval, the first inclination inter-
val being an interval of numerical values including
an inclination value of the first character string, the
second 1inclination interval being an interval of
numerical values including an inclination value of
the second character string, and

determining that the document 1s folded 1t 1t 1s deter-

mined that a number of one or more character strings
included 1n a first group 1s equal to or larger than a
first threshold and 1 a number of one or more
character strings included 1n a second group 1s equal
to or larger than a second threshold, the first group
including multiple character strings including the
first character string, which are arrayed 1n series and
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have an inclination included 1n the first inclination
interval, the second group including multiple char-
acter strings 1ncluding the second character string,
which are arrayed in series and have an inclination
included 1n the second inclination interval.

These and other objects, features and advantages of the
present disclosure will become more apparent in light of the
following detailed description of best mode embodiments
thereol, as 1llustrated 1n the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a hardware configuration of an image
forming apparatus according to an embodiment of the pres-
ent disclosure;

FIG. 2 shows a functional configuration of the image
forming apparatus;

FIG. 3 shows an operational flow of the image forming
apparatus;

FIG. 4 shows an example of a read 1image;

FIG. 5 shows an example of the read image, from which
handwritten characters are removed;

FIG. 6 shows an example of multiple character strings
detected from the read 1mage;

FIG. 7 shows a part of a character string table of an
example;

FIG. 8 shows an example of a histogram; and

FIG. 9 shows another part of a character string table of an
example.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

L1

Hereinafter, an embodiment of the present disclosure will
be described with reference to the drawings.

1. Hardware Configuration of Image Forming Apparatus

FIG. 1 shows a hardware configuration of an image
forming apparatus according to an embodiment of the pres-
ent disclosure.

According to the present embodiment, the image forming
apparatus 10 (for example, MFP, Multifunction Peripheral)
including the image scanner 12 will be described as an
example of an 1mage processing apparatus. However, an
1mage processing apparatus may be an information process-
ing apparatus (personal computer, tablet computer, smart-
phone, etc.) (not shown) configured to receive a read image,
which 1s generated by optically reading a document by an
external 1mage forming apparatus (not shown). In this case,
the mformation processing apparatus may receive the read
image by directly communicating with the external image
forming apparatus. Alternatively, the information processing
apparatus may download the read image, which 1s uploaded
onto a server apparatus or the like (not shown) by the
external 1mage forming apparatus.

The 1mage forming apparatus 10 includes the controller
circuit 100. The controller circuit 100 includes the CPU
(Central Processing Umit) 11a (processor), the RAM (Ran-
dom Access Memory) 115, the ROM (Read Only Memory)
11¢ (memory), dedicated hardware circuits, and the like and
performs overall operational control of the image forming
apparatus 10. The CPU 11a loads information processing
programs (including image processing program) stored in
the ROM 11c¢ in the RAM 115 and executes the information
processing programs. The nonvolatile ROM 11c¢ stores nfor-
mation processing programs executed by the CPU 11a and
data. The ROM 1l1c¢ 1s an example of a non-transitory
computer readable recording medium.

10

15

20

25

30

35

40

45

50
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60

65

4

The controller circuit 100 1s connected to the image
scanner 12, the image processor 14 (including GPU (Graph-
ics Processing Unit)), the image memory 15, the image
forming device 16 (printer), the operation device 17 includ-
ing the display device 17a (touch panel), the large-volume
nonvolatile storage device 18 such as an HDD (Hard Disk
Drive) or an SSD (Solid State Drive), the facsimile com-
munication device 19, the network communication interface
13, and the like. The controller circuit 100 performs opera-
tional control of the respective devices connected thereto
and sends/receives signals and data to/from those devices.
The operation device 17 including the display device 17qa
(touch panel) 1s an embodiment of an 1input device. A sound
input device including a microphone may be provided as an
input device.

In the present embodiment, the 1mage scanner 12 opti-
cally reads a document, and generates an 1mage (hereinafter
referred to as read image). In the present embodiment, the
document optically read by the image scanner 12 includes
multiple characters. Typically, the “characters™ are text data
generated by using word processor soltware and printed on
a medium (typically, paper). The “characters” do not include
handwritten characters. The document includes, as the mul-
tiple characters, multiple character strings, each of the
multiple character strings including multiple characters
arrayed 1n one direction (for example, lateral direction), the
multiple character strings being arrayed 1n series in a direc-
tion example, longitudinal direction) that crosses (typically,
perpendicularly) the one direction. The “document” simply
means a physical medium (typically, paper) in the present
embodiment.

The 1mage scanner 12 optically reads a document fed by
an automatic feeder or a document put on a platen (not
shown) by a user.

2. Functional Configuration of Image Forming Apparatus

FIG. 2 shows a functional configuration of the image
forming apparatus.

In the controller circuit 100 of the image forming appa-
ratus 10, the CPU 11a loads an 1mage processing program
stored 1n the ROM 11c¢ 1n the RAM 1156 and executes the
image processing program to thereby operate as the image
obtaining umt 101, the handwriting removing unit 102, the
character string determining unit 103, the fold determining
unmit 104, and the fold information output unit 105.

3. Operational Flow of Image Forming Apparatus

FIG. 3 shows an operational flow of the image forming
apparatus.

The 1mage obtaining unit 101 obtains the read image I1
generated by optically reading a document by the image
scanner 12 (Step S101).

FIG. 4 shows an example of a read 1mage.

In FIG. 4, the read image I1 includes the handwritten
characters H1 and H2.

The handwriting removing unit 102 detects the handwrit-
ten characters H1 and H2 from the read image 11 by using
a known art (edge detection, etc.). If the handwriting remov-
ing unit 102 detects the handwritten characters H1 and H2,
the handwriting removing unit 102 removes the handwritten
characters H1 and H2 from the read image I1 (Step S102).
Note that, 11 the read image includes no handwritten char-
acter (no handwritten character is detected), the handwriting
removing unmt 102 removes no handwritten character from
the read 1mage.

FIG. 5 shows an example of the read image, from which
handwritten characters are removed.
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In FIG. 5, the read image 12 1s generated by removing the
handwritten characters H1 and H2 from the read image 11
(FIG. 4).

The character string determiming unit 103 detects multiple
character strings from the read image 12, from which the
handwritten characters H1 and H2 are removed. The “mul-
tiple character strings” are multiple character strings, each of
the multiple character strings including multiple characters
arrayed 1n one direction (for example, lateral direction), the
multiple character strings being arrayed 1n series 1n a direc-
tion example, longitudinal direction) that crosses (typically,
perpendicularly) the one direction.

FIG. 6 shows an example of multiple character strings
detected from the read image.

FIG. 6 shows the multiple character strings T1 to T7 . . .
detected from part of the read image 12 (FIG. §), from which
the handwritten characters H1 and H2 are removed.

The character string determining unit 103 determines the
inclination and the length of each of the multiple character
strings T1 to T7 . . . included 1n the read image 12. The
“length of a character string” means the length of a character
string 1n the aforementioned one direction (for example,
lateral direction), 1.e., the length in the direction 1n which
multiple characters are arrayed. The “inclination of a char-
acter string” means the inclination of the aforementioned
one direction (for example, lateral direction), in which the
multiple characters of the character string are arrayed, with
respect to an arbitrary reference (for example, coordinate
system of read image). The character string determining unit
103 records the inclination and the length of each of the
multiple character strings as the character string table 200 1n,
for example, the RAM 115 (Step S103).

FIG. 7 shows a part of a character string table of an
example.

The character string table 200 records, for each character
string, the character string number 201, the inclination 202,
the length 203, and the validity 204. Note that, in FIG. 7, the
respective character strings recorded in the character string,
table 200 are different from the character strings 11 to

. (FIG. 6) included 1n the read image 12. The character
string number 201 1s a serial number that uniquely 1dentifies
cach character string and, in addition, identifies the serial
order of each character string. The inclination 202 1s an
angle of —180° to 180°, where the lateral direction of the
coordinate system of a read image 1s 0° (reference), for
example. The length 203 1s, for example, a pixel width of a
character string. The value of the validity 204 1s null at the
time (Step S103) of generating the character string table 200.

The character string determiming unit 103 determines
whether or not the length 203 (length 1n one direction) of
cach character string 1s equal to or larger than a threshold
(third threshold) (Step S106) for all the character strings (the
number of the character strings=IN) recorded 1n the character
string table 200 (Steps S104, S105, and S109). The threshold
1s, for example, 50 pixel width. If the character string
determining unit 103 determines that the length 203 of each
character string 1s equal to or larger than the threshold (Step
5106, Yes), the character string determining unit 103 records
“Valid” as the validity 204 1n the character string table 200
(Step S107). Meanwhile, 11 the character string determining
unit 103 determines that the length 203 of each character
string 1s smaller than the threshold (Step S106, No), the
character string determining unit 103 records “Invalid” as
the validity 204 1n the character string table 200 (Step S108).
The “Valid” means that the inclination 202 of a character
string 1s valid, 1.e., the probability that the inclination 202 1s
accurate 1s relatively high, since the length 203 of the
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character string 1s equal to or larger than the threshold
(character string 1s relatively long). Meanwhile, the
“Invalid” means that the probability that the inclination 202
1s 1naccurate (detected wrong) 1s relatively high, since the
length 203 of the character string 1s smaller than the thresh-
old (character string 1s short).

In the example of FIG. 7, the character string determining,
unit 103 records

“Invalid” for the validity 204 of the character string

(character string i1dentified by the character string number
201=3) that has the length 203 smaller than the threshold (50
pixel width) (Step S108). Meanwhile, the character string
determining unit 103 records “Valid” for the validity 204 of
the character strings (multiple character strings identified by
the character string number 201=1, 2, 4, and 5) that have the
length 203 equal to or larger than the threshold (50 pixel
width) (Step S107).
The fold determining unit 104 creates a histogram of the
inclinations 202 of all the character strings, for which
“Valid” 1s recorded for the validity 204 in the character
string table 200 (Step S110). Specifically, the fold determin-
ing unit 104 determines an interval, in which the inclination
(°) of each character string 1s included.

FIG. 8 shows an example of a histogram.

In FIG. 8, the histogram 300 shows a distribution of
inclinations of multiple character strings, where the inclina-
tion interval=1° and the range of angle=—90° to 90°, for
example. “The inclination interval=1° ” means that one
interval includes inclinations equal to or larger than 0° and
smaller than 1°. Note that the inclination interval may be a
value other than 1° and may be 0.5°, for example. Note that,
in FIG. 8, the respective character strings included 1n the
histogram are diflerent from the character strings recorded in
the character string table 200 (FI1G. 7) and different from the
character strings 11 to T7 . . . included 1n the read image 12
(FIG. 6).

The fold determining umt 104 determines whether or not
a rat1o 1s equal to or larger than a threshold (fourth threshold)
(for example, arbitrary value equal to or larger than 60%),
the ratio being a ratio of the number of one or more character
strings having one or more inclinations included in a pre-
determined number (for example, arbitrary value equal to or
smaller than 5) of serial intervals to the total number of the
multiple character strings (Step S111). The case that “a ratio
1s equal to or larger than the threshold, the ratio being a ratio
of the number of one or more character strings having one
or more nclinations included 1n a predetermined number of
serial intervals to the total number of the multiple character
strings™ (Step S111, Yes) means that the inclinations of the
many character strings included in the read image are
approximately the same, 1.e., the document 1s not folded
(alternatively, the probability that at least part including the
character strings 1s not folded 1s high) (Step S112). Mean-
while, the case that “a ratio 1s smaller than the threshold, the
ratio being a ratio of the number of one or more character
strings having one or more inclinations included in a pre-
determined number of serial intervals to the total number of
the multiple character strings™ (Step S111, No) means that
the inclinations of the many character strings included in the
read 1image have variations, 1.¢., there 1s a probability that the
document 1s folded.

In the example of FIG. 8, the ratio (93%) 1s equal to or
larger than the threshold (for example, 90%), the ratio (93%)
being a ratio of the number (71+41) of one or more character
strings having one or more inclinations included 1n a pre-
determined number (2 1n this example) of serial intervals
(1interval equal to or larger than —1° and smaller than 0°, and
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interval equal to or larger than 0° and smaller than 1°) to the
total number (120) of the multiple character strings (Step
S111, Yes). Therefore the fold determining umt 104 deter-
mines that the document 1s not folded (alternatively, prob-
ability that at least part including character strings i1s not

folded 1s lugh) (Step S112).

Note that the number of serial intervals and the value of
the threshold are arbitrarily determined. However, typically,
where the number of serial intervals 1s smaller ({or example,
1), the threshold 1s a smaller value (for example, 60%). To
the contrary, typically, where the number of serial intervals
1s larger (for example, 3), the threshold 1s a larger value ({or
example, 90%).

Meanwhile, the case that a ratio 1s smaller than the
threshold, the ratio being a ratio of the number of one or
more character strings having one or more inclinations
included 1n a predetermined number of serial intervals to the
total number of the multiple character strings (Step S111,
No) will be described. In this case, with reference to the
inclination 202 recorded 1n the character string table 200, the
fold determining unit 104 detects pairs (the number of
pairs=M) of two adjacent (serial) character strings, the
interval including the inclination of one character string
being different from the interval including the inclination of
the other character string (Step S113).

FIG. 9 shows another part of a character string table of an
example.

In FIG. 9, the respective character strings recorded in the
character string table 200 are the character strings T1 to T7
(FIG. 6) included 1n the read image 12. Specifically, the
character string T1 1s identified by the character string
number 201=32. The character string 12 1s 1dentified by the
character string number 201=33. The character string 13 1s
identified by the character string number 201=34. The
character string T4 1s identified by the character string
number 201=33. The character string 15 1s 1dentified by the
character string number 201=36. The character string 16 1s
identified by the character string number 201=37. The
character string 17 1s identified by the character string
number 201=38.

In the example of FIG. 9, the interval of numerical values
(first inclination interval), which includes the value of the
inclination 202 of the character string T4 (first character
string)=0°, 1s equal to or larger than 0° and smaller than 1°
(where 1nterval 1s 1°. Meanwhile, the interval of numerical
values (first inclination interval), which includes the value of
the inclination 202 of the character string T35 (second char-
acter string )=-2.5°, 1s equal to or larger than —3° and smaller
than —2° (where interval 1s 1°). Therefore the interval of
numerical values (first inclination interval), which includes
the value of the inclination 202 of the character string T4
(first character string)=0°, 1s different from the interval of
numerical values (first inclination interval), which includes
the value of the inclination 202 of the character string T5
(second character string)=-2.5°. Therefore the fold deter-
mimng unit 104 detects, as a pair of two adjacent (serial)
character strings, the interval including the inclination of
one character string being different from the interval includ-
ing the inclination of the other character string, the character
string T4 (first character string) i1dentified by the character
string number 201=35 and the character string T5 (second
character string) identified by the character string number
201=36 (Step S113).

The fold determining unit 104 determines the number of
one or more character strings (character strings 1n the {first
group (1) including the first character string, which are
arrayed 1n series and have an inclination included in the first
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inclination interval. In the example of FIG. 9, the fold
determining unit 104 determines the number (4) of one or
more character strings (character strings in the first group
(1) (the character strings 11 , 12, T3, and T4 identified by
the character string numbers 201=32, 33, 34, and 35) includ-
ing the first character string (the character string T4 the
character string number 201=35), which are arrayed 1n series
and have an inclination included i1n the first inclination
interval (equal to or larger than -3° and smaller than -2°.
The fold determining unit 104 determines whether or not the
number (4) of the character strings in the first group G1 1s
equal to or larger than the first threshold (for example, 3).

Meanwhile, the fold determining unit 104 determines the
number of one or more character strings (character strings in
the second group G2) including the second character string,
which are arrayed 1n series and have an inclination included
in the second inclination 1nterval. In the example of FIG. 9,
the fold determining unit 104 determines the number (3) of
one or more character strings (character strings 1n the second
group G2) (the character strings 15 , 16, and 17 identified by
the character string numbers 201=36, 37 and 38) including
the second character string (the character string T35 the
character string number 201=36), which are arrayed 1n series
and have an inclination included in the second inclination
interval (equal to or larger than —3° and smaller than -2°).
The fold determining unit 104 determines whether or not the
number (3) of the character strings in the second group G2
1s equal to or larger than the second threshold (for example,
3).

Note that the first threshold may be the same as or
different from the second threshold.

In this example, the fold determining unit 104 determines
that the number (4) of the character strings 1n the first group
(51 15 equal to or larger than the first threshold (for example,
3) and, 1in addition, determines that the number (3) of the
character strings 1n the second group G2 1s equal to or larger
than the second threshold (for example, 3) (Step S115, Yes).
In this case, the fold determining unit 104 determines that
the document 1s folded (alternatively, the probability that at
least part including the character strings 1s folded 1s high)
(Step S116).

By the way, according to a conceivable case, there 1s no

pair of character strings, which satisfies the condition (Step
S115) 1n which the number of the character strings 1n the first
group (1 1s equal to or larger than the first threshold and the
number of the character strings in the second group G2 1s
equal to or larger than the second threshold, 1 all (Steps
S114 and S117) the pairs (the number of pairs=M) of
character strings (Step S118, No). In this case, the fold
determining unit 104 determines that the document 1s not
folded or readability 1s not aflected even i1f the document 1s
folded (Step S112).
If the document 1s folded (alternatively, at least the
probability that the document 1s folded 1s high) (Step S116),
the fold information output unit 105 outputs (for example,
displays on the display device 17a) information indicating
that the document 1s folded (Step S119). The “information
indicating that the document 1s folded” includes, for
example, a message for urging a user to re-scan the docu-
ment.

Alternatively, the “information indicating that the docu-
ment 1s folded” includes the result of optical character
recognition (OCR) of the read image 12 and a message for
urging a user to check the result.

Note that, where multiple pages of documents are
scanned, typically, 1f the fold mnformation output unit 105
determines that one page of document 1s folded (alterna-
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tively, at least the probability that the document 1s folded 1s
high), the fold mmformation output unit 105 may output the
information indicating that the document 1s folded before
starting the operational flow (on and after Step S101) for the
next page.

4. Conclusion

(1) According to the present embodiment, the fold deter-
mimng unit 104 determines that the document 1s folded if it
1s determined that a number of one or more character strings
included in the first group G1 1s equal to or larger than a first
threshold and if a number of one or more character strings
included 1n the second group G2 1s equal to or larger than a
second threshold, the first group G1 including multiple
character strings T1 to T4 including the first character string
T4, which are arrayed 1n series and have the inclination 202
included 1n the first inclination 1nterval, the second group G2
including multiple character strings TS to T7 including the
second character string TS, which are arrayed 1n series and
have the inclination 202 included 1n the second inclination
interval (Step S115, Yes). In short, the fold determining unit
104 determines that a document 1s folded where multiple
character strings having a common {irst inclination interval
and multiple character strings having a common second
inclination interval, which 1s different from the first incli-
nation interval, are arrayed in series. Therefore the fold
determining unit 104 may determine that a document 1is
folded with a high degree of precision.

(2) According to the present embodiment, the character
string determining unit 103 determines that a character
string having a length smaller than a third threshold 1n one
direction (Step S106, No) 1s invalid out of the character
strings (Step S108). As a result, a character string, which has
a relatively high probability that the inclination 202 1is
inaccurate (detected wrong) since the length 203 of the
character string 1s smaller than the threshold (character
string 1s short), 1s excluded from character strings whose
inclinations are to be determined. As a result, the probabaility
that 1t 1s improperly determined that a document 1s folded
even 11 the document 1s not folded actually may be reduced.

(3) According to the present embodiment, the fold deter-
mimng unit 104 determines that the document 1s not folded
(Step S112) 1f 1t 1s determined that a ratio 1s equal to or larger
than a fourth threshold (Step S111, Yes), the ratio being a
ratio of a number of one or more character strings having
one or more inclinations included 1 a predetermined num-
ber of serial intervals to a total number of the multiple
character strings. As a result, 1f the inclinations of the many
character strings included in the read image are approxi-
mately the same, the fold determining unit 104 determines
that the document 1s not folded (alternatively, the probability
that at least part including the character strings 1s not folded
1s high). Therefore the fold determining unit 104 may
determine that a document 1s not folded with a high degree
ol precision.

(4) According to the present embodiment, the character
string determining unit 103 detects the multiple character
strings (Step S103) from the read 1mage 12 from which the
handwritten characters H1 and H2 are removed (Step S102).
The 1nclination of handwritten characters may be different
from the inclination of printed character strings. Because of
that, 11 character strings (including the handwritten charac-
ters H1 and H2) are detected from the read image I1
including the handwritten characters H1 and H2, since the
inclinations of handwritten characters H1 and H2 are dii-
terent from the inclination of prints character strings, it may
be improperly determined that a document 1s folded even 1t
the document 1s not folded actually. To the contrary, accord-
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ing to the present embodiment, the handwritten characters
H1 and H2 are removed. As a result, the probabaility that 1t
1s improperly determined that a document 1s folded even 1f
the document 1s not folded actually may be reduced.

(5) According to the present embodiment, fold informa-
tion output unit 107 outputs information indicating that the
document 1s folded (Step S119). As a result, a user may
re-scan the document. Alternatively, a user may check, with
the eyes, the result of optical character recognition (OCR) of
the read image I2. Note that, where multiple pages of
documents are scanned, 1 the fold information output unit
105 determines that one page of document 1s folded, the fold
information output unit 105 may output the information
indicating that the document i1s folded before starting the
operational flow (on and after Step S101) for the next page.
As a result, a user may know which page of document 1s
folded. In other words, 1t 1s not necessary for the user to
search all the pages of read images for a folded document
page alterwards. So there 1s no loss of time.

It should be understood by those skilled 1n the art that
various modifications, combinations, sub-combinations and
alterations may occur depending on design requirements and
other factors insofar as they are within the scope of the
appended claims or the equivalents thereof.

What 1s claimed 1s:
1. An 1mage processing apparatus, comprising:
a controller circuit configured to operate as
an 1mage obtaining unit configured to obtain a read image,
the read 1mage being generated by optically reading a
document including multiple characters by an image
scanner,
a character string determining unit configured to
detect multiple character strings from the read 1mage,
cach of the multiple character strings including mul-
tiple characters arrayed in one direction, the multiple
character strings being arrayed 1n series 1n a direction
that crosses the one direction, and
determine an inclination of each of the multiple char-
acter strings with respect to the read image, and
a fold determining unit configured to
determine a first character string and a second character
string, the first character string and the second char-
acter string being a pair of two adjacent character
strings included in the multiple character strings, a
first inclination interval being different from a sec-
ond inclination interval, the first inclination interval
being an interval of numerical values 1including an
inclination value of the first character string, the
second inclination interval being an interval of
numerical values including an inclination value of
the second character string, and
determine that the document 1s folded 11 it 1s determined
that a number of one or more character strings included
in a first group 1s equal to or larger than a {irst threshold
and 1 a number of one or more character strings
included 1n a second group 1s equal to or larger than a
second threshold, the first group ncluding multiple
character strings including the first character string,
which are arrayed in series and have an inclination
included 1n the first inclination interval, the second
group mncluding multiple character strings including the
second character string, which are arrayed in series and
have an inclination included in the second inclination
interval.
2. The 1mage processing apparatus according to claim 1,
wherein
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the character string determiming unit 1s configured to
determine that a character string having a length
smaller than a third threshold in the one direction is
invalid out of the character strings, and

the fold determining unit 1s configured to exclude the

character string determined invalid from the first char-
acter strings and the second character strings.

3. The 1mage processing apparatus according to claim 1,
wherein

the fold determining unit 1s configured to

determine an interval including the inclination of each
of the multiple character strings, and

determine that the document 1s not folded 1if 1t 1s
determined that a ratio 1s equal to or larger than a
fourth threshold, the ratio being a ratio of a number
ol one or more character strings having one or more
inclinations included 1n a predetermined number of
serial intervals to a total number of the multiple
character strings.

4. The 1image processing apparatus according to claim 1,
wherein

the controller circuit 1s further configured to operate as a
handwriting removing unit configured to remove a
handwritten character from the read image, and

the character string determiming unit 1s configured to

detect the multiple character strings from the read
image 1rom which the handwrnitten character 1s
removed.

5. The 1mage processing apparatus according to claim 1,
wherein

the controller circuit 1s further configured to operate as a

fold information output unit configured to output, if 1t
1s determined that the document 1s folded by the fold
determining unit, information indicating that the docu-
ment 1s folded.

6. A non-transitory computer readable recording medium
that records an 1mage processing program causing a con-
troller circuit of an 1image processing apparatus to operate as:

an 1mage obtaining unit configured to obtain a read 1mage,

the read 1mage being generated by optically reading a
document 1ncluding multiple characters by an 1mage
scanner;

a character string determining unit configured to

detect multiple character strings from the read image,
cach of the multiple character strings including mul-
tiple characters arrayed in one direction, the multiple
character strings being arrayed 1n series 1n a direction
that crosses the one direction, and

determine an inclination of each of the multiple char-
acter strings with respect to the read image; and

a fold determining unit configured to

determine a first character string and a second character
string, the first character string and the second char-
acter string being a pair of two adjacent character
strings included 1n the multiple character strings, a
first inclination interval being different from a sec-
ond 1nclination interval, the first inclination interval
being an interval of numerical values including an
inclination value of the first character string, the
second 1inclination interval being an interval of
numerical values including an inclination value of
the second character string, and

determine that the document i1s folded 11 1t 1s deter-
mined that a number of one or more character strings
included in a first group 1s equal to or larger than a
first threshold and 1 a number of one or more
character strings included 1n a second group 1s equal
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to or larger than a second threshold, the first group
including multiple character strings including the
first character string, which are arrayed 1n series and
have an inclination included 1n the first inclination
interval, the second group including multiple char-
acter strings including the second character string,
which are arrayed 1n series and have an inclination
included in the second inclination interval.
7. The non-transitory computer readable recording
medium according to claim 6, wherein
the character string determining unit 1s configured to
determine that a character string having a length
smaller than a third threshold in the one direction 1s
invalid out of the character strings, and
the fold determining unit 1s configured to exclude the
character string determined invalid from the first char-
acter strings and the second character strings.
8. The non-transitory computer readable recording
medium according to claim 6, wherein
the fold determining unit 1s configured to
determine an interval including the inclination of each
of the multiple character strings, and
determine that the document 1s not folded 1if 1t 1s
determined that a ratio 1s equal to or larger than a
tourth threshold, the ratio being a ratio of a number
ol one or more character strings having one or more
inclinations 1mcluded 1n a predetermined number of
serial intervals to a total number of the multiple
character strings.
9. The non-transitory computer readable recording
medium according to claim 6, wherein
the 1mage processing program further causes the control-
ler circuit of the 1image processing apparatus to operate
as a handwriting removing unit configured to remove a
handwritten character from the read image, and
the character string determining unit 1s configured to
detect the multiple character strings from the read
image from which the handwritten character 1is
removed.
10. The non-transitory computer readable recording
medium according to claim 6, wherein
the 1mage processing program further causes the control-
ler circuit of the 1image processing apparatus to operate
as a fold information output unit configured to output,
if 1t 15 determined that the document 1s folded by the
fold determining unit, information indicating that the
document 1s folded.
11. An 1mage processing method, comprising:
by an 1mage obtaining unit, obtaining a read image, the
read 1mage being generated by optically reading a
document including multiple characters by an image
scanner;
by a character string determining unit,
detecting multiple character strings from the read
image, each of the multiple character strings includ-
ing multiple characters arrayed 1n one direction, the
multiple character strings being arrayed 1n series in
a direction that crosses the one direction, and
determining an inclination of each of the multiple
character strings with respect to the read image; and
by a fold determining unit,
determining a first character string and a second char-
acter string, the first character string and the second
character string being a pair of two adjacent charac-
ter strings included in the multiple character strings,
a first inclination interval being different from a
second 1nclination interval, the first inclination inter-
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val being an interval of numerical values including 13. The image processing method according to claim 11,
an inclination value of the first character string, the further comprising:
second 1inclination interval being an interval of by the fold determining unit,
numerical values including an inclination value of determining an interval including the inclination of

the second character string, and 5
determining that the document 1s folded if it 1s deter-
mined that a number of one or more character strings
included 1n a first group 1s equal to or larger than a
first threshold and i a number of one or more
character strings included 1n a second group 1s equal 10
to or larger than a second threshold, the first group
including multiple character strings including the
first character string, which are arrayed 1n series and
have an inclination included 1n the first inclination
interval, the second group including multiple char- 15
acter strings including the second character string,
which are arrayed in series and have an inclination
included 1n the second inclination interval.
12. The image processing method according to claim 11,
turther comprising: 20
by the character string determining unit, determining that
a character string having a length smaller than a third
threshold i1n the one direction 1s invalid out of the
character strings; and
by the fold determining unit, excluding the character »>;
string determined invalid from the first character strings
and the second character strings. I T

cach of the multiple character strings, and
determining that the document 1s not folded if 1t 1s
determined that a ratio 1s equal to or larger than a
fourth threshold, the ratio being a ratio of a number
of one or more character strings having one or more
inclinations included 1n a predetermined number of
serial intervals to a total number of the multiple
character strings.
14. The image processing method according to claim 11,
turther comprising;:
by a handwriting removing unit, removing a handwritten
character from the read 1mage; and
by the character string determining unit, detecting the
multiple character strings from the read image from
which the handwritten character 1s removed.
15. The image processing method according to claim 11,
further comprising:
by a fold information output unit, outputting, 1f 1t 1s
determined that the document 1s folded by the fold

determining unit, information indicating that the docu-
ment 1s folded.
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